We show that the Aharonov-Bohm-like suppression of optical tunneling in twisted multicore fibers can persist under highly nonlinear conditions. The energy exchange dynamics are analyzed and possible arrangements to experimentally observe this effect are presented. Electrons interacting with a magnetic field can display an array of interesting and counterintuitive effects. These include for example the emergence of Landau levels , quantum Hall [1], and topological insulator effects [2] , to mention a few. Another intriguing phenomenon arising from the presence of a magnetic field is a possible inhibition of electron tunneling in degenerate quantum channels-a process never been observed before in any physical system [3] . This latter effect is a direct byproduct of an Aharonov-Bohm phase [4] that in turn leads to a complete elimination of tunneling, resulting from a destructive interference of the eigenfunctions involved. A possible optical realization of this effect has been suggested in a twisted annular or multicore fiber configuration in Ref. [5] . In addition, similar systems have also been explored in parity-time-symmetric settings, where it was found that the exact PT phase can be broken in a "quantized" fashion. At this point we emphasize that this topological phenomenon is by nature linear. In this respect, one may ask whether this Aharonov-Bohm tunneling suppression will still persist even under nonlinear conditions. In other words, is this process robust enough to withstand nonlinear effects?
Electrons interacting with a magnetic field can display an array of interesting and counterintuitive effects. These include for example the emergence of Landau levels , quantum Hall [1] , and topological insulator effects [2] , to mention a few. Another intriguing phenomenon arising from the presence of a magnetic field is a possible inhibition of electron tunneling in degenerate quantum channels-a process never been observed before in any physical system [3] . This latter effect is a direct byproduct of an Aharonov-Bohm phase [4] that in turn leads to a complete elimination of tunneling, resulting from a destructive interference of the eigenfunctions involved. A possible optical realization of this effect has been suggested in a twisted annular or multicore fiber configuration in Ref. [5] . In addition, similar systems have also been explored in parity-time-symmetric settings, where it was found that the exact PT phase can be broken in a "quantized" fashion. At this point we emphasize that this topological phenomenon is by nature linear. In this respect, one may ask whether this Aharonov-Bohm tunneling suppression will still persist even under nonlinear conditions. In other words, is this process robust enough to withstand nonlinear effects?
In this work, we show that the topological suppression of light tunneling can be maintained completely intact in spite of the presence of optical nonlinearity. Analytical results pertaining to four-core nonlinear fiber structures indicate that the Aharonov-Bohm phase remains invariant and has no dependence whatsoever on the power levels. At even higher intensities, a discrete spatial soliton is formed that further deprives the energy exchange or tunneling process. The effect of the twist rate on the onset of these mechanisms is also investigated. To demonstrate these effects, let us consider a four-core fiber structure arranged on a square as shown in Fig. 1  (a) . This system is uniformly twisted along its propagation axis with a spatial pitch Λ. In the rotating frame, one can then show that the evolution of the local mode field amplitudes are described by the following set of equations:
where represents the core number modulo 4, is the nearest neighbor coupling coefficient, = ( )/2 is the tunneling phase introduced by the twist, is the core distance between successive sites, and = 2 /Λ is the angular twist pitch. Under linear conditions, Eqs. (1) directly reveal that tunneling can be completely extinguished, provided that = /4 + /2. Because of this topological effect, any cross-talk between sites 1 and 3 is totally prohibited (Fig. 1(b) ). This effect can be intuitively explained by noticing the fact that the two coupling paths (from 1 2 3 4 core 1 to 3 via cores 2 and 4) differ from each other by ± . Subsequently, light transport along these two paths produces destructive interference, thus leaving the core #3 completely dark. Figure 1 (b) depicts these dynamics as a function of propagation distance. A possible silica-based four-core arrangement where one can observe the aforementioned Aharonov-Bohm tunneling suppression is shown schematically in Fig. 1(a) . The radii of the cores are set to be = 4.5 while the spacing between elements is = 24 . The operating wavelength is assumed to be = 1550 and the numerical aperture of each element is 0.1. The structure is twisted around its central axis with a pitch of Λ = 1.4 , corresponding to = /4. In order to explore the nonlinear dynamics in such a system, we monitor the intensity evolution in each core along the propagation axis. To do so we use beam propagation codes. The power launched in core#1 is approximately 4 kW. These results are summarized in Fig. 2 , where the relative phases between cores #2 and #1 as well as cores #4 and #1 are also depicted in Figs. 2 (c) and (d) , respectively. These dynamics clearly indicate that the differential phase between the two light channels is left intact even under highly nonlinear conditions. As a result, the quenching of the coupling can be preserved (Fig. 2 (b) ). At even higher power levels (~10 kW), the nonlinearity starts to compete with coupling effects. As a result a discrete soliton is formed on site#1, that further reduces energy transfer to the nearest cores (#2,4). Even in this highly localizing regime, the topological phases are preserved. Similar conclusions were reached by analytically solving Eqs. (1) . Interestingly this system is completely integrable in terms of Jacobi theta (elliptic) functions. In addition, the presence of a second invariant precludes the possibility for chaos. These closed form solutions also suggest that the Aharonov-Bohm phase remains dynamically constant throughout propagation. In conclusion, we studied the Aharonov-Bohm topological suppression of light tunneling in a nonlinear multicore fiber structure. Our analytical and numerical results indicate that the Aharonov-Bohm phase remains invariant and has no dependence whatsoever on the power levels.
